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I. Basis of the report 



1 . With regard to the elements of the international application: * 
the international application as originally filed 
the description: 

1-19 



pages 
pages 
pages , 



NONE 



, as originally filed 
filed with the demand 



NONE 



filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



20-26 



NONE 



NONE 



, as originally filed 

. , as amended (together with any statement) under Article 19 
, filed with the demand 



NONE 



filed with the letter of 



the drawings: 

pages 

pages 

pages 



1-7 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



the sequence listing part of the description: 

pages NONE 

pages NONE 

pages NONE 



filed with the letter of 



, as originally filed 

, filed with the demand 



, filed w ith the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

) the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| [ the language of publication of the international application (under Rule 48.3(b)). 

j^j the language of the translation furnished for the purposes of international prelirninary examination (under Rules 55.2 and/ 

or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was earned out on the basis of the sequence listing: 

contained in the international application in printed form. 

filed together with the international application in computer readable form. 
P^] furnished subsequently to this Authority in written form. 
| x| furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished wTitten sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished 

I x| Th e statement that the information recorded in computer readable form is identical to the wnten sequence listing has 
1 — ' been furnished. 

4 | xl The amendments have resulted in the cancellation of 

EEI the description, pages NONE 

the claims. Nos. NONE 
Hx] the drawings, sheets/% NONE 



| | This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)) ** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed' and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

**Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims 10,14,16-^0,22-2: 
Claims i-9,i i-is, 1 5,2 1 



YES 
NO 



Inventive Step (IS) 



Claims NONE 
Claims 



1-27 



YES 
NO 



Indus trial Applicability (IA) 



Claims 



Claims NONE 



YES 
NO 



2. citations and explanations (Rule 70.7) 

Claims 1-9, IS, 15 and 21 lack novelty under PCT Article SS(2) as being anticipated by Lee et al. In the paper Lee et al teaches 
a new approach to assay endo-type carbohydrases using bifluorescent-labeled substrates for glycoamidases and ceramide 
glycanases. Glycoamidases and ceramide glycanases are important "endo-type" enzymes for structural elucidations of 
glycoconjugates as well as for construction of neoglycoconjugates. The assay methods currently available for these enzymes 
are tedious and do not permit continual assay of the enzyme activities. The authors modified a desialylated biantennary 
glycopeptide with 2-naphthylacetic acid at the N-terminus and at the nonreducing terminal galactosyl residues with 
mono-N-dansylethylenediamine, via a specific oxidation of the C-6 hydroxyl group with galactose oxidase, see figure 1 for the 
two substrates used. In such a substrate, the naphthyl fluorescence (k em = SS5 nm) is quenched due to absorption of its emitted 
light by the dansyl group, which in turn results in emission of fluorescence (X^ = 520 nm) by the latter. However, when the 
link between the two fluorophores is severed (a covalent modification) by glycoamidase (PNGase), the energy transfer ceases 
to occur. Consequently the emission of the dansyl fluorescence and the quenching of naphthyl fluorescence diminish or 
disappear Likewise, the energy transfer between the fluorophores in an alky! lactoside containing a dansyl group at the 
terminal position of aglycon and a 2-naphthylmethyl group on the galactosyl residue is also eliminated by the glycosidic 
cleavage by a ceramide glycanase from American leech, Macrobdella decora, resulting in enhancement of the naphthyl emission 
and decrease in the dansyl emission. The substrates presented here permit continuous fluorescent monitoring of the enzymic 
reaction. This allows precise analyses of enzyme kinetics not possible with the conventional assay methods for the endo-type 
enzymes which usually require separation of reaction products. 

Claims 1 3, 5, 7, IS, 15 and 21 lack novelty under PCT Article SS(2) as being anticipated by Zhang et al. In the paper Zhang 

et al presents a fluorogenic substrate for measuring -amylase (E C S.2.1.1.) activity was prepared by double labeling soluble 



starch (Continued on Supplemental Sheet.) 
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V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

with 5-(4,6-dichJorotrizain-2-yl)aniinonuoresceui and Procion Red MX8B. Because the absorption spectrum of Procion Red 
MX8B overlaps the fluorescein emission spectrum, Procion Red efficiently quenches fluoresce in emission when it is closer 
than the critical radius for fluorescence energy transfer. When amylase catalyzes cleavage (a covalent modification) of a 
starch molecule between a fluorescein and a Procion Red MX8B, the distance between the two labels increases and the degree 
of quenching decreases. The rate at which the fluorescence intensity increases is proportional to amylase activity. To 
maximize the sensitivity it is critical to maximize the amount of Procion Red MX 8B coupled to the starch and to use a 
high- precision spectrofluorimeter which can measure a small rate of increase in fluorescence above a large constant 
background. 

Claims 1-5, 7-9, 13, 15 and 21 lack novelty under PCT Article 33(2) as being anticipated by Meldal et al. In the paper 
Meldal et al teaches anthranilamide and nitrotyrosine as a donor-acceptor pair in internally quenched fluorescent substrates for 
endopeptidases and multicolumn peptide synthesis of enzyme substrates for subtilisin Carlsberg and pepsin. The preparations 
of N-Fmoc-3-nitro-L-tyrosine and N-Boc-anthraniUc acid Dhbt ester (Fmoc = fluoren-9-ylmethyloxycarbonyl; Boc = tert- 
butyloxycarbonyl; Dhbt = 3 1 4-dihydn>4^oxo-l,2,3-benzotriazo-3-yl) and their application to parallel multiple column 
solid-phase peptide synthesis is described. A series of peptide substrates (Table 1) containing an anthraniloyi group at the 
N-terminus and a 3-nitrotyrosyl residue close to the C-terminus were synthesized. The fluorescence of the anthraniloyi group, 
intramolecularly quenched by the 3- nitrotyrosine, increased with cleavage of peptide bonds situated between the 2 groups. 
The quenching mechanism was of the long-range resonance energy transfer type and long peptide substrates were constructed 
and used for kinetic measurements of subtilisin Carlsberg and pepsin. Complete quenching was observed even with > 20 
between the centers of the chromophores, and substrates with 50 between the chromophores were synthesized. The 
importance of long substrates for optimal enzymic activity was demonstrated. 

Claims 1, 3, 5, 7, 13, 15 and 21 lack novelty under PCT Article 33(2) as being anticipated by Taliani et al. In the paper 
Taliani et al present a continuous assay of hepatitis C virus protease based on resonance energy transfer depsipeptide 
substrates. Hepatitis C virus (HCV) is the major causative agent of non-A non-B hepatitis, an important health problem with 
an estimated 50 million people infected worldwide. Among the possible targets for therapeutic intervention, the serine 
protease contained within the N-terminal region of non- structural protein 3 (NS3 protease) is so far the best characterized. In 
vitro characterization of synthetic substrates based on all the natural cleavage sites (as well as a series of analogs) has 
consistently revealed poor kinetic parameters, making them unsuitable for sensitive high- throughput screening. To overcome 
these difficulties, we have recently developed depsipeptide substrates incorporating an ester bond between residues P i and P., 
(figure 1). Due to ready transestenfication of the scissile bond to the acyl-enzyme intermediate, these substrates showed very 
high kcat/Km values, enabling detection of activity with subnanomolar NS3 concentrations. We have used the same principle 
to synthesize internally quenched depsipeptide fluorogenic substrates based on resonance energy transfer between the 
donor/ acceptor couple 5-[(2 , -aminoethyl)aminoJ-naphthalene sulfonic acid/4-[[4' -(dimethylamino)phenyl]azo]benzoic acid, and 
developed a continuous assay for NS3 activity. Substrate cleavage is linear with enzyme concentration: depending on the 
conditions chosen, they estimated a detection limit for NS3 between 1 nM and 250 pM. The suitability of the assay for 
evaluation of inhibitors was established using as competitor a tridecapeptide corresponding to the natural NS4A/4B cleavage 
site; this gave an IC50 of 30 microM, well in agreement with the previously found Km value (40 microM). 

Claims 1, 3-5, 7, 12-13, 15 and 21 lack novelty under PCT Article 33(2) as being anticipated by Zandonella et al. In the 
paper Zandonella et al teach fluorogenic alkyldiacyl glycerols as substrates for the determination of lipase activity and 
stereoselectivity. They synthesized enantiomeric alkyldiacyl glycerols containing pyrene as a fluorophore, and the 
tnnitrophenylamino residue as a fluorescence quencher, both covalently bound to the -end of the respective acyl chains. 
Fluorescence is efficiently quenched due to resonance energy transfer in the intact molecules. Chemical or enzymic release of 
the fatty acyl chains led to fluorescence dequenching. From the time-dependent increase in fluorescence intensity lipase 
activity and stereoselectivity can be determined, if enantiomencally pure substrates are used. 

Claims 1-7. 9. 11. 13, 15 and 21 lack novelty under PCT Article 33(2) as being anticipated by Hirano et al. In the published 
application Hirano et al teaches determination of double- stranded nucleic acids- cleaving enzyme activities by fluorescence 
resonance energy transfer (FRET) analysis Described is a method to determine the double- stranded nucleic acid enzyme 
activity by FRET, where a nucleic acid capable of forming lntermolecular duplex labeled with an energy donor (e.g. 
fluorescein) and an energy acceptor (e.g. rhodamine X) at both ends, respectively, is used as a substrate. The increase of 
fluorescence resulting from the enzymic digestion of the nucleic acid substrate can be observed by fluorometry The method 
was demonstrated by digestion with restriction endonucleases Hindi 1 1 and PvuII and their resp. substrates. See the figures for 
the manner in which the method works. 



Claims 1-27 lack an inventive step under PCT Article 33(3) as being obvious over Macala et al, Shultz et al or Ventura et al 
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in view of Blumenthal, Mathies et al (US Patent 5,654,419) and Hirano et al. Lee et al, Meldal et al, Taliani el al, Zandonella 
et al or Zhang et al (last six references as explained above). 

In the paper Macala et al teaches measurement of cAMP-dependent protein kinase activity using a fluorescent- labeled 
Kemptide. Traditional protein kinase assays include the use of 32 P-labeled ATP as phosphate donor and a substrate protein or 
peptide as phosphoreceptor. Since this approach has a number of drawbacks in addition to generating ionizing radiation, 
several non-isotopic methods have been developed. Although shown to reflect the activity of purified enzymes, none have 
been demonstrated to detect physiological changes in endogenous enzyme activity in cell homogenates. Here, studies were 
performed to examine the kinetics, reproducibility, and optimal assay conditions of a novel non- radioisotopic kinase assay that 
detects protein kinase A (PKA) activity by phosphorylation of the peptide substrate, Kemptide, covalently bound to a 
fluorescent molecule (fluorescamine-labeled Kemptide; f- Kemptide). Fluorescence was determined by spectrofluorometry with 
excitation at 568 nm and emission at 592 nm. Basal and agonist- induced PKA activities in epithelial cell homogenates were 
measured. The kinetics of f-Kemptide were similar to the standard radioisotopic method with intra-assay and inter-assay 
variations of 5.6 ± 0.8% and 14.3 ± 2.6%, respectively. Neither fluorescence quenching nor enhancing effects were found 
with consistent amounts of homogenate protein. Specific PKA activity was determined as the IP20-inhibitable fraction to 
account for nonspecific phosphorylation, perhaps due to S6 kinase or a similar enzyme. The basal activity of 38% of total 
PKA in A6 cells increased by 84% after exposure to vasopressin and by 58% after short exposure to forskolin. In T84 cells 
exposed to VIP there was a 360% increase over basal activity. Thus, these results show that f-Kemptide exhibits acceptable 
kinetics, and that the assay system can quantitatively and reproducibly measure basal and stimulated PKA activity in cell 
homogenates. Macala et al does not teach the substrate having two dyes attached or a library of compounds. 

In the patent Shultz et al teaches a non-radioactive enzyme assay. The invention is directed to the assay and 
purification of proteins, and particularly to the non- radioactive assay and purification of protein kinases, phosphatases and 
protease by incubating the enzyme with a substrate modified peptide to form a product modified peptide under conditions 
where the enzyme is active. The product modified peptide and substrate modified peptide are then separated, and the product 
modified peptide is measured. The invention is also directed to kits and bioreagents for performing the assays. In the patent 
table 1 shows a list of the substrates which have a fluorescent dye attached to the substrate. Shultz et al does not teach the 
substrate having two dyes attached or a library of compounds. 

In the paper Ventura et al teaches phorbol ester regulation of opioid peptide gene expression in myocardial cells. 
Role of nuclear protein kinase C. Opioid peptide gene expression was characterized in adult rat ventricular cardiac myocytes 
that had been cultured in the absence or the presence of phorbol 12-myristate 13-acetate. The phorbol ester induced a 
concentration- and time- dependent increase of prodynorphin mRNA, the maximal effect being reached after 4 hours of 
treatment. The increase in mRNA expression was suppressed by incubation of cardiomyocytes with staurosporine, a putative 
protein kinase C inhibitor, and was not observed when the cells were cultured in the presence of the inactive phorbol ester 
4a-phorbol 12, 13-didecanoate. Incubation of cardiac myocytes with phorbol 12-myristate 13-acetate also elicited a specific 
and staurosporine- sensitive increase in irnmunoreactive dynorphin B, a biologically active end product of the precursor, both in 
the myocardial cells and in the culture medium. In vitro run-off transcription assays indicated that transcription of the 
prodynorphin gene was increased both in nuclei isolated from phorbol ester-treated myocytes and in nuclei isolated from 
control cells and then exposed to phorbol 12-myristate 13-acetate. No transcriptional effect was observed when cardiac 
myocytes or isolated nuclei where exposed to 4a -phorbol 12, 13-didecanoate. The phorbol ester- induced increase in 
prodynorphin gene transcription was prevented by pretreatment of myocytes or isolated nuclei with staurosporine. suggesting 
that myocardial opioid gene expression may be regulated by nuclear protein kinase C. In this regard, cardiac myocytes 
expressed protein kinase C-a, -6, -e, and as shown by immunoblotting. Only protein kinase C- a and protein kinase C-e 
were expressed in nuclei that have been isolated from control myocytes, suggesting that these 2 isotypes of the enzyme may be 
part of the signal transduction pathway involved in the effect elicited by the phorbol ester an opioid gene transcription in 
isolated nuclei. The incubation of myocardial nuclei isolated from control cells in the presence of a protein kinase C activator 
induced the phosphorylation of the myristylated alanine-rich protein kinase C substrate peptide, a specific fluorescent substrate 
of the enzyme. The possibility that prodynorphin gene expression may control the heart function through autocrine or 
paracrine mechanisms is discussed. Ventura et al does not teach the substrate having two dyes attached or a library of 
compounds. 

In the paper Blumenthal reviews the development and characterization of fluorescently-labeled myosin light chain 
kinase calmodulin-binding domain peptides. In the review, the development and characterization of peptides based on the 
sequence of the calmodulin- binding domain of skeletal muscle myosin light-chain kinase which were labeled with the 
fluorescent reagent, acrylodan is described. The use of these fluorescently-labeled peptides to study various aspects of 
calmodulm-peptide interactions including binding affinity, stoichiometry, specificity, changes in peptide conformation, and 
thermal stability of the peptide- calmodulin complex is demonstrated. Page 46 discusses the formation of analogs by replacing 
different amino acids within a natural sequence to examine these properties. Blumenthal also teaches the formation of a 
library peptides with different fluorescent labels. Page 46 also discusses the change in the acrodan fluorophore as the 
environment changes and how this is useful in determining various properties. The peptides exhibit many of the salient 
features seen with calmodulin-target enzyme interactions. The fluorescently-labeled peptides should serve as useful models for 
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studying calmodulin-target enzyme interactions at the molecular level. 

In the patent Mathies et al discusses fluorescent labels and their use in separations. Fluorescent labels having at least 
one donor and at least one acceptor fluorophore bonded to a polymeric backbone in energy transfer relationship, as well as 
methods for their use, are provided. Of particular interest are the subject labels wherein the polymeric backbone is a nucleic 
acid and the donor fluorophore is bonded to the 5' terminus of said nucleic acid. The range of distances between donor and 
acceptor fluorophores is chosen to ensure efficient energy transfer, and can be modulated to affect the label mobility. Such 
labels find use as primers in applications involving nucleic acid chain extension, such as sequencing, PCR and the like. 
Sequencing primers labeled with two fluorophores were constructed and their fluorescent properties optimized. Dual 
fluorophore-labeled PCR primers for sizing of short tandem repeats (STRs) in the tyrosine hydroxylase, thrombopoietin, 
cytostatic factor, and von Willebrand factor genes were also prepared. These primers were used to amplify the STRs and the 
amplicons were separated by capillary gel electrophoresis. Column 4 gives many examples of the types of dyes that may be 
used as the donor and acceptor pairs. 

It would have been obvious to one of skill in the art to have incorporated a double label selected from those taught 
by Mathies et al, Hirano et al, Lee et al, Meldal et al, Taliani et al, Zandonella et al or Zhang et al in the Macala et al, Shultz 
et al or Ventura et al substrates because of the ability to detect changes in the substrate due to covalent modifications of the 
substrates as shown by Hirano et al, Lee et al, Meldal et al, Taliani et al, Zandonella et al or Zhang et al and the ability to 
carry out a continuous monitor without separation. One of skill in the art would also have recognized that libraries of 
substrates as taught by Blumenthal would have allowed the Macala et al, Shultz et al or Ventura et al substrates to be used for 
characterizing enzyme properties as shown by Blumenthal. 

Claims 1-27 meet the criteria set out in PCT Article 33(4), because they clearly would be usable to monitor or determine 
properties of enzymes. 
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(57) Abstract: Double-labeled protein biomolecular substrates (70) and methods for the homogenous assay of processes which 
include covalent modification of the substrates (70) to form a detectable species are described. The biomolecular substrates (70) of 
the instant invention are labeled at two positions (80, 90) with two fluorescent dyes or with a fluorescent dye and a non flu orescent dye. 
The two labeling dyes of the unmodified substrate (70) stack (95). thereby quenching the substrate's fluorescence. Upon covalent 
modification of the double-labeled substrate (70), however, the intramolecularly stacked dyes (95) dissociate and the fluorescence 
changes markedly. Examples are described for the preparation and use of substrates (70) for phosphorylation assays. Methods of 
invention do not require separation of the modified and unmodified substrates (70), nor do they require other special reagents or 
radioactive materials. Therefore the substrates can be used for monitoring intracellular processes of living cells. 
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